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SUS QUALITY ASSESSMENT
SQUARE DEAL

Summary

The detonation pressure time curves recorded aboard
the USNS Kingsport during the SQUARE DEAL Exercise for
SUS signals were processed to acquire guality assurance
statistics, Bubble pulse periods were determined for
each detonation from which an equivalent depth was derived.
Because the SUS signals were received by a hull mounted
transducer with poor characteristics, many of the shots
recorded exhibit distortion and ringing. This lowers
the juality of the data and reduces the confidence that
can be attached to the shots pracessed. For this reason,
it is recommended that only those shots known to a high
degree of confidence to bhe within $10% of the scheduled
datonation depth of 300 ft (bubble pulse periocd: 39.0 to
43.4 msec) be deemed acceptable for further processing.
Those shots known accurately to be outside of this range
should be rejected. For th v shots which exhibit dis-
tortion and ringing, signals received at the acoustic
stations should be processzed oy narvow band analysis
to determine their bubble pulse periods and rejected if
they fall outside of the specified limits, when the mea-

sured propagation loss is suspect.
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Introduction

-  j During the SQUARE DEAL Exercise, a series of

; | £US shots were deployed by the USNS Kingsport for the
purpose of measuring acoustic propagation loss, Quality
assurance procedures were instituted to ensure that the
data obtained would not be affected by variations in
source level or detonation depth. Magnetic tape recordings
of the SUS pressure signals were obtained from the USNS
Kingsport. 1In a manner analogous to an earlier program,
Rei., (1), these tapes were processed to determine the
bubble pulse period from each of the SUS shots used for -
the propagation loss studies. From the bubb.ie pulse
period of the source, deviations in shot depth and band
levels can be determined. The processing technique,

results, and recommendations are presented forthwith.

Basic Data and Instrumentation

The shock wave and bubble pulse signatures emitted
from the SUS charges were monitored by mounting a voice
powered microphone to the hull of the Kingsport with a
C-clamp. The ship's hull was used to couple the SUS
pressure signals from the water to the microphone. These
signals were subsequently recorded in the FM mode on

magnetic tape. A 1 kHz tone and time code was recorded
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in the FM mode and voice annotations were recorded in
the direct mode. Approximately 1019 Mk 82 shots were
dropped and detonated at 300 feet, A listing of results
is given in Table (l).

Although the ship's hull resonants, this did not
appreciably affect the signature appearing at the output
of the microphonc as long as the microphone was securely
clamped to the hull. However, the vibrations did result
in loosening the C-clamp that was holding the microphone,
causing spurious signals that appear as "ringing" at the
microphone output. This ringing reduces the confidence
to which the shock wave and bubble pulse can be correctly
identified. This signal distortion necessitated a signi-
ficant change in the processing procedures employed in
Ref. (1) in order to analyze the shots. Severe filtering
permitted the identification of these signal components,
with a considerable loss of resolution.

From the above description of the instrumentation
for monitoring the shock wave and bubble pulse, it is
obvious that the classic shock wave and bubble »ulse
signature as emitted from a SUS detonation will not be
observed at the microphone output. In order to obtain
the classic signature, it is necessary to judiciously

place a hydrophone or shock wave gauge in the water.
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Tabulatio

TABLE 1
n of SUS Statistics

SUS Type MK 82, 1.8 1b

Experimental Area
Date

Number Dropped
Number Processed
Number Not Recorded
bDud

Wrong Explosive Charge
Depth Setting

1C - 12
9-10 Aug. 1973
577
552
2
17
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2D -~ 2BD
16 Aug. 1973
442
415
7
16




K3

Data Processing System

A block diagram of the data processing system is
shown in Figure (1). The data from the tape recorder
is preprocessed before being digitized for processing.
The computer provides four functions: (1) system controller,
(2) data interrogation, (3) determination of bubble pulse
period, and (4) display controller. The operator's chief
function is to serve as an on-line quality assurance monitor.
To assist him in this role, the shot is displayed
together with the computer detarmined bubble pulse
period on an oscilloscope for immediate observation; and
at the operator's option, a hard copy can be made for
further study. Shot identification ard bubble pulse
pericds are presented on the TTY printer.

This set of shots required more processing than
the series done previously, Ref. (1). The data channel
from the recorder is amplified to convert a nominal
1 volt mms signal Jrom the recorder to a 10 volt peak
signal for input to the 13 bit analog to digital
converter, The channel is sampled at a nominal 8 kilz
derived fiom the 1 kiiz tone. This 1 kiz signal is
utilized to furnish s reference frequency to rrmove
tape recorder speed errors. This signal is filtereu,
limited, and multiplied by 8 in a phase locked loop.
The syathesized frequency is then used as the sampling
pulse for the A-D converter. The absolute levels of one

of the shots processed in this way is shown in Figure (2).

<
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Fiqure {2). Typical unprocessed SUS signal display
at 1/5 normal time scale (shot #328
I to 1A). Full wawve rectification
applied




As is apparent, while it is possible to ascertain the
shock«wave onset the bubbie pulse signal cannot be
identified. Consequently, several different methods
were tried to enhance the signal to noise ratio and to
make the hubble pulse period determination easier, Filtering
the signal to obtain a clearer pattern was attempted;
including band pass, low pass, and high pass tech-
niques. The method finally chosen was to amplify

the signal voltage, input it through a 1/3 octave

800 Hz filter, square this ocutput, and then sample

the result, The shot shown in Figure (2) is shown
g&gain in Figure (3) after this processing has been done.
The signal +o noise ratio has been enhanced and the
shockwave and bubble pulse are discernible.

After a shot is detected and processed, the computer
through a D-A converter to an oscilloscope, repetitively
outputs, as in Figure (3), the digitized shot together
with two pulses. One pulse marks the shockwave maximum
level and the other the bubble puise maximum. This display
is used by the operator to evaluate the quality of the
determiaation. The option also exists to output the scope
display on the chart recorder &t a scale factor of 1.0 msec/cm

fcr further study.
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Figure (3). Typical processed SUS signal display
at 1/15 normal time scale (shot #328
1C to 1lA)
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Using the measured bubble pulse period and assuming
an explosive charge of 1.8 lbs of TNT; the detonation depth

is derived from the following formula, Ref. (2):

o o 436 w3
(a+33)
where,
T = bubble pulse period
W = charge weight
d = detonation depth

The curve for T as a function of d was fitted with a
polynomial, and this was used to derive the detonation

cdepth from the bubble pulse period.

Computer Operation

The design of the system minimizes the recurrent
menial tasks that the operator must perform so that he
can concentrate on evaluating each bubble pulse deter-
mination. During a run, the computer monitors the data
channel until the onset of a shockwave exceeds a preset
level., When this happens, the block of digitized data which
follows is stored. Then the peaks of the shockwave and the
bubble pulse are determined by recurrent looks at the
stored data with successively lower comp:rative levels,
The use of this analysis procedure on the shockwave is

necessitated because of the type of preprocessing done

10
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on the data. The searcn for the bubble pulse peak is
restricted to a time span ftom.37.0 to 48,0 msec from

the shockwave peak. Restricting the bubble pulse search
to these limits is necessary to handle the ringing problem
intrcduced by the method of transducer mounting, If a
suitable bubble pulse peak is not found, an alarm is
sounded to alert the operator of a possible mis-deter-

mination. The determination is then displayed.

P: bcessing Results
A total of 1019 SUS shots weze launched by the
Kingsport on the two runs, from 1C to 1A (9-10 August 1973)
and 2L to 2 BD (lo August 1973). Of that number, 967 shots
were processed and the remaining 58 consist of Duds,
anud unérocessable detonations. Table (1) summarizes this
information. The cumuletive distributions as a function
of the bubble pulse p.riod and shot depth for the two
runs are prosented in Figures (4) and !5). The most
likely bubble pulse reriod in .ach casa ls very close
to the expected normi..al value. {.e. a value of 41,9 msec.
Although the & jreement between the experimauntally
determined bubble pulse periods and the theoretical value
is good, the signal distert.on problems encountersd resuit
in a low confidence level. To illustrate this point, three
consecutive shots have been sulected from the $-10 August

1973 1C to 1A run i the Kingsport. These three figures,

11
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(6) through (8), show the D-A output display from the

computer of the amplified, filtered, and voltage squared
bomb shot. The gain of shots #328 and #330 are the same,
while that of #329 is +10 db higher. These three figures

indicate the ringing problem clearly. As the C-clamp
loosened, the pattern first showed slight ringing (#328),

then a very bad pattern (#329), and finally a good
pattern (#330) when retightened. This effort complicated
the processing since signal strength varied from five

to fifteen db between shots, Since a detection level

of 2.5 volts was used and the A~D input voltage was
limited to 10 volts, the tape recorder had to be fre-
quently backed up and gains changed in order to “capture"
the shot.

Although the signal distortion made processing
difficult but not impossible, the main effect of the
ringing, as in shot #328, was ‘o obscure the presence of
the bubble pulse, For this reason, the gcan for the
bubble pulse was limited to between 37 and 48 msec.
However, for some shots, it was impossible not only
for the computer but also for a scientist to pick the
correct peak out of several appearing in this range,

A chart recording was made for each of these shots to

facilitate any additional analysis.

14
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Those shots known to a high degree of confidence
to be outside of the 270 to 300 £t range, which are to
be réjected, are listed in Table (2)., For those shots
listed in Table (3), for which confidence in determining
the bubble pulse period is low, we recommend that the
narrow band spectra of a received signal, with gcod
signal to noise ratio, be examined. The bubble pulse
period can be' determined in that fashion. If it falls
outside the specified region, the shot should be rejected.
A complete listing of all shots processed is given in

Tables (5) and (6).

Data Selection and Source Level Corrections
Because of the poor resolution resulting from the
severe filtering necessary to identify tha bubble pulse,
the accuracy of the measuxeme;ts is not sufficient to
warrant the application of source level corrections.
However, if it is desired to do this, the correction
functions are given in Table (4). This table is a
composite of calculations based on the Weston and Gaspin
and Shuler formulatiocns, as in Ref. (1), except that
new computations of the Gaspin and Shuler formulation
have been provided to us by NSWC in private communications.
It is recommended that only shots within $108 of the

scheduled detonation depth (bubble pulse period, 39.0 to

18
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TABLE 2
SUS Shots Which Should Not Be Used
Detonation is Outside of :10% of 300 ft

Run 1C - 1A 9,10 August 1973

25 38 51 59 85 87 106 109 111 126
127 129 130 151 169 174 1l8u 193 155 198
218 242 243 246 256 259 263 266 284 305
307 309 323 324 326 234 343 344 404 406
407 435 436 437 455 460 488 491 496 511
520 533 545 549 557 570 575 596 602 610

Run 2D - 2BD 16 dugust 1373

L 21 72 73 17 137 143 150 155 173 177
186 191 201 205 291 313 338 $01 407 412

i9




TABLE 3
SUS Shots with Low Confidence

Run 1C -~ 1A 9,10 August 1973

14 17 18 33 34 S50 53 71 72 74

96 86 104 221 125 135 140 145 154 161
163 164 181 187 209 213 216 221 225 230
245 247 253 254 255 257 258 264 268 269
321 329 336 338 352 403 409 411 412 428
432 441 447 448 454 461  4&64 474 480 487
495 497 508 516 541 572 597 609

Run 2b - 2BD 16 August 1973

5 15 18 21 31 49 So 57 59 92

97 3101 108 116 124 129 132 135 138 149
159 165 197 215 222 246 247 248 250 254
260 264 275 278 279 295 304 314 316 318
349 369 376 379 380 381 3B2 400 416 424
429 430 438

20
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. TABLE 4

g 3 Spectral corrections for square 1/3 octave
bands. Corrections in db to be added to
the nominal levels for 1.8 1lb detonated
at 300 feet.

Detonation - ,
Depth (ft) Center PFrequency
25 50 100 160 250
270 +0.5 0.0 ¢.0 «0.5 +1.0
280 +0.5 0.0 .0 -1.0 +1.0
290 0-0 - Dte 000 "0.5 ’0.5
300 0.0 0.0 0.0 0.0 0.0
310 0.0 0.0 0.0 0.0 +0.5
320 -0.5 0.0 0.0 0.0 +1.0
330 <1.0 0.0 0.0 0.0 +1.0
21




45.4 wsec) be processed provided ihat they were not among
those exhibiting distortion., As can be seen from Table (4)
the viriation in source level, resulting from not applying

correction, will then be limited to about : one decibél.

Quality Control | -

Erfors in the determination of the bubble pulse
period have two origins, (1) the basic data, and (2) the
measurement of the bubble pulse period. Any tape speed
variations on record and playback will affect the measured
time. In the present processing scheme, the 1 kHz tone
was used for controlling t .e sampling rate and hence the
relative change in tape speed variations are removed.

As in Ref, (1), the phase lock loop error voltage was
checked periodically to verify prober synchronization.,

The bubble pulse period is defined as the time
bounded by the onset of the shockwave from the explosion
and the bubble pulse maximum, Because of the filtering
that was necessary to process the signals, the maximum
of the shockwave was chosen as the lower bound of the
butble pulse period. A check was made throughout the
processing of the decisions made by the computer in
chosing the maximum levels. In all cases the computer
picked the largest peak within the scanned time frame.,

The pubble pulse pericds determined with a high degree

22
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of confidencé'have a repeatability to within 0.5 msec,
however, the absolute accuracy is probably not as good.
Those shots processed which contain ringing have several
distinct peaks or several smeared into one. The proper
bubble pulse can not be ascertained in these cases, as

have been previously noted, and repeatability is poor.
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TABLE 5

LA - SUS_SHOT STATISTIO?
FOR SQUARE DEAL

. FOR USHS KAMGSPORT __ _ DURING AUGUST, 1973

SHOT  APPROXIMATE  BUBBLE DULSE CALCULATED  COMNENT

0 DETONATION PERIOD SHOT DEPTH CI0E
TINE (ZULG) CHSEC) Ty o
I 09035820 43.0 £90 -
g2 09055480 aloB 30} -
3 09055680 a9 30} -
a 09055820 4336 ega -
L S 09060080 409 310 .
6 09060880 43.0 290 -
7 05060420 3948 ael “
8 09060620 449 273 .
9 09060880 408 3 -
10 09061080 42.3 299 .
1! 09061880  &Re8 298 .
18 09061480 4308 283 N
13 09061680 4046 alg -
b4  0VLe6iBRO a7.9 25) -
18 09062080 ' i
16 09062220 4.0 309 -
17 090684%0 L4746 . 853 o
8 09068680 &Y o9 261 -
19 09068820 : :
8¢ 09063030 4g.1 296 -
21 09063220 €06 aig -
£2 09063420 4440 26t -
" 23 09063620 _ . 4343 ges -
B4  090638%0 3849 331 -
’ 2% 09064080 4506 267 -
— 26 09064860 €148 301 e
o 87  OPOG44RO0 410 309 -
28 09064680 4246 893 -
) 9  09064BRO  abed 308 B
30 09063080 43.5 266 -
. 3! 09065830 4is0 509 -
38  0%0e3a80 43:0 290 -
) 33 09065680 4306 €83 -
. 34 09063880 4746 263 -
. 38 CPO70080  A&.8 2y3 -
36 09070280 608 30t -
, 37 09070480 4340 290 s
38 0P0T0620 3758 3a7 -
‘ 3% 09070880 410 309 -
40  ©90TI0R0 a0.a 318 N

L 24




al 09075880 39,5 0 3se -
ag 09071420 393 3ee .
&3 09073680 4340 290 -
as 0907 1820 aled 308 -
a3  0907R0L0O 83¢8 888 ®
as 8T T a86) 298 -
a7 08078480 410 _..80 -
1] 09070680 ated 308 -
49 CP07R680 38.8 332 .
88 09073080 374 349 @
8i 09073882 47.8 25a ®
TTT88 09072480 I3 303 °
B3 090736R0 _ afss @83 .
84 0%0788R80 9.4 -1 Y
55 09074080 39:% 383 .
1) 09076280 39:3 aes -
87  090veano ale3 238 -
&8 09074680 €503 870 @
89 oPOTa829 4744 ) 288 e
‘ 60 09075020 458 393 .
&) os073880 8368 29 .
1) 290754290 afe 298 -
__63  09073%6R0 _ 4048 3ia ®
(¥ 09075820 4343 888 -
68 09080083 398 e 00 e
X 09030820 Qa8 313 s
8T __ 09080420 Y ) £73 -
é8 090G806R0 39.6 aes -
6% 090808L0 4659 873 e
70 09081020 424 298 -
74 OF08IREC = 399 380 L S
72 09081880 87.8 gse -
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A F
BRIAN LINK
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